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Abstract 
This paper states the epitaxial growth of La2Zr2O7(LZO) buffer layers on the cube textured nickel alloy substrate, 
with the nitrate as the precursor. The solution stability and the heat treatment processing were discussed respectively. 
The solution of hydrated nitrates dissolved in ethanol being a sol at a higher temperature, the precursor was pre-dried 
and methanol was substituted with a higher dielectric constant. Because of the multi-step decomposition of the 
nitrates, a multi-step heat treatment route was followed, the complete decomposition of the intermediate phases being 
essential. The orientation analysis shows a cube textured film with the FWHM values of the (222) phi-scan and of the 
(400) Ȧ-scan being 8.50° and 8.10° respectively. The SEM image shows a dense and homogeneous film without 
cracks and holes. The analysis above indicates that the present route is feasible for the preparation of LZO buffer 
layers. 
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1. Introduction 
The widely used Chemical Solution Deposition (CSD) method has been applied with a great success in 
the production of YBa2Cu3O7–x(YBCO) epi-layer and related buffer layers in the filed of coated 
conductors. The CSD process requires that chemical stoichiometric metal cations dissolve in the solvent 
to produce an oxide layer of adequate thickness. The heat treatments following the deposition must be 
optimized to yield films with the performance necessary for given application [1].  
Because of the incomplete decomposition of the organic precursor salts, the nano-carbon remnants 
could change the grain orientation[2]. The precursor with  low carbon contents may be more favorable for 
the film growth. Except for the organic salts, the easily soluble chlorides and nitrates are also widely used 
in the CSD processes. D.E. Wesolowski[3] took aqueous nitrate as the precursor to prepare CeO2 epi-layer 
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on the YSZ single crystal with polyvinyl alcohol(PVA) as the binder. The CeO2 layer showed good 
epitaxial growth after a post annealing in oxygen atmosphere to remove the extra carbon remnants 
supplied by PVA. Man Fai Ng[4] also prepared LaAlO3 layer on different single crystals only by 
dissolving nitrate salts in methanol. So far, there is no report of the buffer layer deposition by the nitrate 
route on textured metal substrate. 
In this paper, the LZO buffer layer was prepared by the nitrate route on the cube textured Ni5%.at.W 
(Ni5W)substrate. The solution stability was controlled and the annealing route was carefully characterized.  
2. Experimental 
The precursor solution was prepared by two routes, for the first time by dissolving La(NO3)3•6H2O and 
Zr(NO3)4噝5H2O in ethanol with the cation concentration of [La3+]= [Zr4+] =0.25M, followed by stirring at 
room temperature; The other route consists of drying the hydrated nitrates in the vacuum oven at 60ć for 
6 hours, followed by a dissolution in methanol with the same concentration, and then stirring at room 
temperature until obtaining a transparent solution.  
Biaxially textured Ni5W tapes made by our group were used as substrates[5]. The 5mm × 5mm 
substrates were cleaned by methanol and acetone in ultrasonic bath each for 10 min before coating. The 
spinning method was performed with a rotation speed of 4000rps for 60s in the Ni5W substrate. The as-
coated films had an even, iridescent purple color, except at edges where the thickness increased. The 
films were then annealed under a continuous gas flow of mixed Ar+4%H2 gas.  
3. Results and Discussion  
3.1. The stability of precursor solution  
From the characteristics of La(NO3)3•6H2O and Zr(NO3)4•5H2O,  both nitrates are easy to dissolve in 
the ethanol. But this system was not stable when the cation concentration exceeded 0.5M or when the 
temperature was increasing. When the temperature was increased to 50ćˈthe system slowly changed to 
a white sol, and did no longer return to the solution state, even when adding more ethanol (shown in 
Fig.1).  
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Fig. 1. The solution  at (a)room temperature: clear solution, (b)at 50ć: white Sol, (c):when adding more ethanol on the white gel. 
The FTIR spectra of the dry gel obtained at different states of the solution are shown in Fig.2. The 
absorption bands of the two curves are almost in the same location, and the curves only show typical 
bands of the nitrates and the ethanol. The bands at 1459cm-1 and 1326cm-1 are the characteristic of  -NO3, 
but these two bands get broadened and overlapped for the dry gel of the white sol shown in Fig.1b. There 
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is also a strong absorption peak in 412cm-1, which is the representative of the typical metal-oxygen 
vibrations. 
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Fig. 2. The FTIR spectra of the dry gel obtained from the solution prepared at the room temperature and 50ć.  
It is said that alcohol, with its low dielectric constant can decrease the solubility of the aqueous salt 
solution, the solution becoming supersaturated, thus favoring precipitation occurs[6]. An increase in the 
temperature and the volume ratio of alcohol to water will lead to supersaturation and precipitation . 
As stated above, we believe that the crystal water in the nitrates plays an important part for the change 
of the solution. The small water content leads to a greater proportion of the alcohol to water, and the 
solubility is decreased with increasing temperature, thus showing a supersaturated white sol. The decrease 
and the broadening of the absorption peak of -NO3 in the FTIR spectra also confirms this mechanism.  
Solution stability is the precondition for the good performance of the film. In order to get a stable 
nitrate solution, we chose the second solution route: the hydrated nitrate were dried in a vacuum oven at 
60ć for 6 hours to remove the crystal water, and the solvent was substitute for methanol, which has a 
higher dielectric constant (ethanol = 25; methanol=32.35 ). The final solution system is stable for a long 
time. 
3.2. Decomposition performance of the precursor salts 
The thermal decomposition behavior of the precursor salts can be a guidance to establish a suitable 
heat treatment schedule for the film growth. Generally, there are two steps, the first one, being the 
dehydration process; the second one being the decomposition process. Different kinds of basic salts are 
generated first, then the complex of the basic salts and the oxide appears, and finally gets the oxide in turn. 
The oxide lanthanum is obtained at about 600ćˈas shown below: 
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The DSC-DTG curves in Fig.3 show the decomposition process of mixed nitrates. Combined with the 
analysis above, the process was divided into three parts. The fluctuant peaks below 200ć should be due 
to the dehydration of the crystal water and the absorbed water, the ZrO2 is generated below 400ć[7] , 
and the La2O3 is generated below 600ć. The weight loss is invariable after 600ćˈwhich indicates the 
synthesis of the stable LZO. The exothermic peaks at 863ć may be due to the structure change of LZO 
from the fluorite to the Pyrochlore. 
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Fig. 3. DSC and DTG (derivative of the TG curve) curves of a dried nitrate gel. 
3.3. Preparation of the LZO film on the cube textured Ni5W substrates 
Since the one-step ramp heat treatment route is favorable for the epitaxial growth of the  films with the 
organic salts as the precursor, this route was also used in this paper.  The as-deposited samples were 
placed in a quartz tube, and annealed at the temperatures between 900ÛC to 1150ÛC with a dwelling time 
of 60min, then quenched to the room temperature. The XRD spectra of each sample are shown in Fig.4. A 
pure LZO phase is for the diffraction peaks at 33.3° and 28.7°. As the temperature increases, the intensity 
of the LZO (222)peak at 28.7eincreases obviously, a weak diffraction peak of LZO(400) at 2ș=33.3eis 
shown after 1150ć. The LZO (222) is characteristic for powder diffraction, which shows a randomly 
oriented grains of LZO. A higher temperature is needed to get (00l) orientation of the LZO film. 
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Fig. 4. The XRD spectra of the precursor film coated on Ni5W substrate heat treated at different temperatures.  
The results of the XRD detection show that the one-step ramp heat treatment is not suitable for the 
epitaxial growth of the LZO film prepared by the nitrate route. For the LZO and CeO2 films made from 
organic precursors, a higher temperature or the post annealing is used to remove the remnant carbon, 
which promotes the epitaxial growth of the buffer layer[8]. We believe that the non-decomposed basic 
salts act as an obstacle to the heterogeneous nucleation of LZO grains.  
A multi-step heat treatment route was achieved in order to get a complete decomposition  of the nitrate. 
Four multi-step heat treatment routes were designed according to the analysis of the DSC-DTG curves, 
shown in Table.1. Each routes includes a low temperature annealing and a ramp heat treatment at 1150
ćˈwith varying accelerating speeds. 
Fig.5 shows the XRD images of the samples made using four different heat treatment routes , no other 
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diffraction peaks than the LZO(400) peak are seen, thus indicating a c-axis growth of the LZO film. 
compared  among the routes of a, b, c, with a decrease of the accelerating speed between 200ć to 600ć, 
the intensity of LZO(400) diffraction peak clearly increases. For the route d, the diffraction peaks are all 
under the background level, and no peaks can be detected clearly.  
Table 1. Four heat treatment routes 
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Fig. 5. The XRD images of the LZO film by four kinds of heat 
treatment routes shown in Table.1 
We conclude that the complete dehydration process creates the precondition for the subsequent 
decomposition, and an elongation of the decomposition time is essential for the oriented growth of the 
film. The results also confirm the analysis for the randomly oriented grains by the one-step route. So, for 
the epitaxial growth of the buffer layer, a multi-step heat treatment processing is needed for the precursor 
salts with a multi-step pyrolysis, the non-decomposed remnants being removed. 
3.4 Characterization of the LZO layer made from a nitrate route  
In this paper, the route b was chosen for the preparation of the LZO buffer layer. The Four circle X-ray 
diffraction was used for the orientation characterization. The (400) Ȧ-scan and (222) phi-scan of LZO 
buffer layer were measured to state the out-of-plane and the in-plane orientation (Fig. 6). Four peaks with 
90°intervals are clearly seen in the phi-scan image, which is an indication for cube-on-cube textured 
growth. The FWHM values of the phi-scan and Ȧ-scan are 8.50° and 8.10°, respectively, indicating a 
epitaxial growth of cube textured LZO film on the Ni5W substrate.  
 
 
 
 
 
 
 
 
 
Fig. 6. The (400)Ȧ-scan and (222)phi-scan of LZO layer                                   Fig. 7. The SEM analysis of LZO film on Ni5W 
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The commonly admitted FWHM values are around 7° for the layers with the organic salts as the 
precursor. It is believed the one-step processing is favorable in preparing an epi-layer.  
Buffer layers with a homogeneous and dense surface are needed to avoid the chemical diffusion 
between the metallic substrate and subsequent superconducting layer. Fig. 7 is the SEM image of the 
LZO buffer layer. The image shows a homogeneous grain size distribution of about 50nm. The surface is 
smooth and dense without obvious holes and cracks. The thickness is not enough to cover the grain 
boundaries of the substrate. Films with an increased thickness may satisfy the requirements for the 
deposition of subsequent YBCO layer. 
4. Conclusions 
A low carbon solution system with nitrates as the precursor salts was developed. In order to improve 
the stability of the solution, the hydrated nitrates were pre-dried and the ethanol solvent was substituted 
by methanol, which has a higher dielectric constant. A multi-step heat treatment route was designed for 
the epitaxial growth of homogenous LZO layer on cube textured Ni5W substrates, where a complete 
decomposition of the intermediate phases is essential.  
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